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Abstract
In our review we examined the primary and secondary influences of mechatronic experiences on student
engagement in fundamental engineering courses. Using a systematic review methodology, we collected 402
articles with publication dates ranging from 1990–2014. Screening on title and abstract information reduced
our included sources to 137, from which we mapped six parent and 22 child codes. Appraising 17 of these
articles we identified eight high quality studies as the focus of our synthesis, which identified five primary
influences (Student Motivation, Self-Efficacy, Course Rigor, Learning Retention, and Gender) and two
secondary influences (Accreditation and Ease-of-Implementation). In these influences we found evidence that
mechatronic experiences can increase student motivation, self-efficacy, and course rigor. Also, positive effects
on learning retention, gender diversity, accreditation efforts, and ease of course content implementation were
identified. Future research is needed to clarify: (1) if mechatronic experiences truly increase student
motivation and self-efficacy more than lecture-based strategies, (2) how the positive short-term impacts of
these experiences translate to subjective academic success (i.e., future course and career goals), (3) how
implementation logistics are influenced by experience type (i.e., open-ended projects verse contests), class
size, institution and industry support, etc., and (4) to what degree the factors of gender, underrepresented
student groups, course curricular placement, and activity type influence student engagement.
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In our review we examined the primary and secondary inﬂuences of mechatronic experiences on student engagement in
fundamental engineering courses. Using a systematic reviewmethodology, we collected 402 articles with publication dates
ranging from 1990–2014. Screening on title and abstract information reduced our included sources to 137, from which we
mapped six parent and 22 child codes. Appraising 17 of these articles we identiﬁed eight high quality studies as the focus of
our synthesis, which identiﬁed ﬁve primary inﬂuences (Student Motivation, Self-Eﬃcacy, Course Rigor, Learning
Retention, and Gender) and two secondary inﬂuences (Accreditation and Ease-of-Implementation). In these inﬂuences
we found evidence that mechatronic experiences can increase student motivation, self-eﬃcacy, and course rigor. Also,
positive eﬀects on learning retention, gender diversity, accreditation eﬀorts, and ease of course content implementation
were identiﬁed. Future research is needed to clarify: (1) if mechatronic experiences truly increase student motivation and
self-eﬃcacy more than lecture-based strategies, (2) how the positive short-term impacts of these experiences translate to
subjective academic success (i.e., future course and career goals), (3) how implementation logistics are inﬂuenced by
experience type (i.e., open-ended projects verse contests), class size, institution and industry support, etc., and (4) to what
degree the factors of gender, underrepresented student groups, course curricular placement, and activity type inﬂuence
student engagement.
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1. Introduction
For over two decades, engineering educators have
deployed hands-on problem-based learning (PrBL)
and project-based learning (PjBL) pedagogies in
undergraduate courses in the hopes of ‘‘produc[ing]
broad-based, ﬂexible graduates who can think inte-
gratively, solve problems and be life-long learners’’
[1, p. 234]. These types of eﬀorts are well aligned
with Papert andHarel’s [2] concept of construction-
ism, in which students play an active role in learning
by making or creating a tangible artifact. Many of
these studies have speciﬁcally used mechatronic
experiences (e.g., projects, laboratories, or contests
using mechatronic platforms) to increase student
engagement (e.g., interest or curiosity in aca-
demics). According to Verner and Ahlgren [3],
mechatronic-themed experiences are an especially
clear example of this approach in education; the
artifact in these experiences being mechanical and
electrical hardware components joined and con-
trolled by computer software, which in summation
comprise a mechatronic system. Grimheden and
Hanson [4, p. 180] further deﬁne mechatronics as
the ‘‘synergistic combination of precision mechan-
ical engineering, electronic control and systems
thinking in the design of products and manufactur-
ing processes.’’ It is perhaps not surprising that
mechatronic experiences have been implemented
in a variety of science, technology, engineering,
and mathematical (STEM) curricula, particularly
electrical, mechanical, and computer ﬁelds. Shull
and Weiner [5] conducted a study in which an
increase in female students’ self-eﬃcacy (e.g.,
belief in one’s ability to accomplish a goal or control
an outcome) and student motivation (e.g., a desire
to work and learn) was observed after conducting
hands-on electronic hardware and software experi-
ences. Others have analyzed a broader range of
experiences speciﬁc to mechatronics. These have
included stand-alone content modules to complete
course implementations culminating in applied pro-
jects where students are required to exhibit a mas-
tery of a variety of course outcomes [3, 6–12]. Yet
continued research is called for to better understand
the impact these experiences have on student
engagement [13].
2. Purpose
In an attempt to understand the broad results of
past eﬀorts, our paper addresses the research ques-
tion: ‘‘What are the primary and secondary inﬂu-
ences of mechatronic experiences on student
engagement in fundamental engineering courses?’’
We deﬁne fundamental course as pertaining to those
that teach fundamental engineering topics (i.e.,
problem solving) and are commonly taken by fresh-
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man or sophomore students, primary inﬂuences as
having direct eﬀect on students, and secondary
inﬂuences as having an eﬀect on those responsible
for implementing the experience. Developing a
framework for these inﬂuences will help to clarify
connections between student engagement and
mechatronics.
In the following sections, we present the results of
our systematic review of relevant literature. These
results include explanation of our categorization
strategies, a tabulation of the thematic trends and
gaps in the literature, a quality appraisal of the
literature, and an in-depth thematic and analytical
synthesis of the literature germane to our research
question. The intent is to produce original knowl-
edge on the topic of mechatronic experiences in
fundamental undergraduate courses. In so doing,
we hope to enable future eﬀorts towards increasing
engagement of freshman and sophomore engineer-
ing students at the collegiate level.
3. Methods
The goal of our review was to construct a robust,
literature-based framework from which to under-
stand the inﬂuences of mechatronic experiences on
student engagement. To accomplish this, we
employed a systematic review methodology that
allowed us to make robust screening, mapping,
quality appraisal, and synthesis decisions on each
source of literature within our review. This
approach is borrowed from Dixon-Woods et al.
[14], Gough, Oliver, and Thomas [15], and Borrego,
Foster, and Floyd’s [16]. Fig. 1 illustrates the
methodology and data ﬂow of our systematic
review, as promoted by Gough, Oliver and
Thomas [15]. Article counts (n) are provided to
quantify the distillation process that led to our
conclusions. By way of clariﬁcation, we performed
twodistinct activities of removing duplicate articles.
We began by collecting 402 published articles, of
which 137 were screened and found to be directly
applicable to our topic. We used the exclusion
criteria listed in Fig. 1 to make our inclusion
decisions. A rigorous mapping, quality appraisal,
and synthesis was then performed to further distill
the literature to include only high quality studies
germane to our research question. This constituted
a conﬁgurative review, as we did not attempt to
aggregate existing data, but instead formulate a
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Fig. 1.Methodology structure and data ﬂow of systematic review (gray areas indicate demarcations between major phases, with
article counts denoted by n).
model grounded in the literature that substantiates
the inﬂuences of mechatronic experiences on stu-
dent engagement.
3.1 Database and search term selection
The ﬁrst phase or our review was to select suitable
databases from which to collect relevant articles
(Fig. 1). To facilitate easy integration of articles
into the document management software EPPI
Reviewer 4# [17], we limited searches to electronic
databases. This electronic format also allowed us to
eﬃciently analyze and control our search results,
thereby giving us a systematic and traceable process
of ﬁltering, including, excluding, and rating each
piece of literature. We selected Web of Science
(Thomas Reuters), Google Scholar (Google), and
ERIC (Institute of Education Sciences) based on a
qualitative analysis of the breadth and depth of each
databases’ educational and technical content collec-
tions, as well as advanced query functionality.
Next we selected the search terms in Table 1.
Determining the exact string combinations was a
multifaceted process. The ﬁrst stepwas to select very
sensitive strings, which returned large numbers of
articles (i.e., broad in scope). Next, very precise
strings were used, which returned relatively smaller
numbers of articles (i.e., narrow in scope). In addi-
tion, we used a mixed-method strategy, which
combined the broad and narrow aspects of sensitive
and precise strategies into one query. An example of
this was performed using Web of Science and
started with a sensitive search that returned 1,423
articles. The ﬁrst 100 of these were scanned and
10% were found to be irrelevant to our research
question. Based on this, our query was repeated
using Title instead of Topic. In this way the sensi-
tivity was retained while adding precision to the
search without changing the terms. The subsequent
outcome of this revised search returned 131 articles.
All three databases were queried using this strategy
to maximize the quality and quantity of relevant
articles returned, as suggested by Gough, Oliver,
and Thomas [15].
We did not include the search term ‘‘robot’’ or
any of its variants, because it was overly sensitive,
evenwhen usedwithinTitle searches (e.g., removing
this term alone reduced one search from 534 to 131).
Furthermore, we observed that a majority of the
query results using this term were related to
advanced robotic research or medical robotic
research, both of which were not within the scope
of our review.
Next, we chose the publication date range of
1990–2014 based on an analysis of the publication
dates within one of our initial search results. First,
the frequency distribution of publications per year
in Fig. 2 was generated using a sensitive search
strategy within Web of Science in conjunction
with the sites Citation Report tool. Based on these
results, all articles published prior to 1990 (light
gray) were screened on title and found to be either a
United States Patent ﬁling or a medical related
article. In short, none were relevant to mechatronic
experiences in fundamental undergraduate engi-
neering courses and were therefore not considered
relevant to our review.
3.2 Data collection
On September 9th, 2014 we collected a total of 402
articles from Web of Science, Google Scholar, and
ERIC. Bibliographic information for each was
uploaded to EPPI Reviewer 4#, at which point 43
duplicates were identiﬁed and removed using an
automatic software algorithm that looked at title
and abstract keywords. This process reduced the
total article count to 359, which were passed to the
data evaluation phase (Fig. 1).
3.3 Data evaluation
We employed a four-stage data evaluation process
that included screening, mapping, appraising, and
synthesizing each included article. We conducted
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Table 1. Search terms and strategies used for each database.
Database Precise Search Terms Sensitive Search Terms
Web of Science TOPIC: (mechatronic* or microcontrol* or micro control*)
AND TOPIC: (problem or project based)
AND TOPIC: (engineer* or technol*)
AND TOPIC: (course or class or curricula*)
NOT TOPIC: (medicine* or health* or surgery* or design or
simulation)
TITLE: (mechatronic* or microcontrol* or
micro control*)
AND TITLE: (course or class)
Google Scholar (Precise terms not used due to unreliable results.) TITLE: (mechatronic
AND microcontroller
AND course
AND class)
ERIC TOPIC: (mechatronic* or microcontrol* or micro control*)
AND TOPIC: (problem based learning)
AND TOPIC: (engineer* or technol*)
AND TOPIC: (course or class or curricula*)
TOPIC: (robot* or microcontrol* or micro
control*)
AND problem based learning
each of these at strategic points in the review with
the intent of reaching a distilled list of sources
relevant to answering our research question. The
ﬁndings from these stages are described below and
illustrated in Fig. 1.
4. Results
4.1 Screening
At the outset of our screening process, 359 sources
were vetted based on title and abstract information.
The result of this screening reduced our data set to
137 articles (62% reduction). The exclusion codes
used in this stage are listed as diamonds in Fig. 1,
with corresponding counts of excluded articles. If
an article qualiﬁed for one or more of the exclusion
codes, it was excluded. If no exclusion code was
given, by default an include code was applied and it
was carried forward to the subsequent mapping
stage. It is important to note that these codes (and
those used throughout our review) were not
mutually exclusive, as multiple articles could be
given the same code(s) and vice versa. Even so, by
coding the studies in this way, non-pertinent articles
were ﬁltered out, leaving only those applicable to
our research question.
4.2 Mapping
The purpose of the mapping phase was to allow us
‘‘to describe the nature of [the] ﬁeld of [our]
research’’, ‘‘to inform the conduct of [our] synth-
esis’’, and ‘‘to interpret the ﬁndings of [our] synth-
esis’’ relative to mechatronic projects in
fundamental engineering courses [15, p. 46]. To
that end, we conducted a thorough review of title
and abstract information of each of the remaining
137 articles. As themes were identiﬁed in the litera-
ture, broad parent-codes and narrow child-codes
were assigned to each article (Table 2). These codes
were selected based on the combination of (1)
commonly observed terms in the literature, and (2)
as ameans to translate and consolidate terminology
across the literature. These codes functioned as tags,
identifying which themes were manifested by which
sources of literature.
From this mapping process we were able to gain
insights into recurring themes and methods across
all included studies (Table 2). The parent-codes
identiﬁed included Course Level, Content Delivery
Method, Pedagogy, Investment Level/Duration,
Improvement Process, and Academic Success. Cor-
responding to each of these were multiple child-
codes (Table 2), which represent more precise sub-
divisions within each parent-code.
This mapping enabled us to identify a set of
salient themes from which to build a conﬁgurative
review of the literature to answer our research
question [15]. From Table 2 it is clear that Experi-
ential Learning (PrBL/PjBL) andCoursewere both
mapped to the largest percentage of the 137 studies,
at 50% and 47% respectively. These high percen-
tages are not surprising, as the search strategy we
employed speciﬁcally included the terms ‘‘problem
or project based’’ and ‘‘course or class.’’ Further
examination of our mapping results reveals the
child-codes of Reﬂections on Methods, Freshman/
Sophomore, Junior/Senior, Student Engagement,
and Program (Curricula) were each applied to
roughly 20% to 30% of the articles. The remaining
17 child-codes applied to the fewest percentage of
studies, each with values below 15%.
From our mapping results we cross-tabulated
articles with the parent-codes of Academic Success
and Course Level (Table 3). From these, we speciﬁ-
cally analyzed those exhibiting Academic Success
and the child-code of Freshman/Sophomore. This
resulted in 26 articles, of which 17 were mutually
exclusive. We selected these unique articles for our
quality appraisal because they focused on student
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Fig. 2. Preliminary search results for publication date frequencies. (Source: Web of Science).
engagement in fundamental undergraduate engi-
neering courses.
4.3 Quality appraisal
According to Gough, Oliver, and Thomas [15], a
vital phase of systematic reviews is a quality apprai-
sal of the literature. Therefore, we evaluated the full-
text of each of the 17 sources of literature identiﬁed
from Table 3. From this analysis we calculated a
Composite Quality Score (QCS) for each article,
which served as a Weight of Evidence (WoE)
value. These scores were used to identify studies of
highest quality and relevance to our research ques-
tion. TheWoE framework used was borrowed from
the work of others and included the evaluation
dimensions of soundness of study [14], appropriate-
ness of study, and relevance of study [15]. Using this
framework allowed us to appraise the quality of our
relevant sources more objectively (not withstanding
some inherent subjectivity).
The ﬁrst dimension of our WoE framework was
themean soundness of study (xS) of each article. This
was calculated using Equation (1) and appraised the
quality of each study’s methodology with the ques-
tions 1a – 1e (Table 5). Individual scores (xi) for
these questions ranged from 1 (poor) to 3 (excel-
lent).
xS ¼
P
xi
n
ð1Þ
The next two dimensions, appropriateness of
study (xA) and relevance of study (xR), were based
on question 2a and question 3a. These again were
scored on a scale of 1 (poor) to 3 (excellent) and
looked at how appropriate each study was at
answering and aligning with our research question.
We calculated a composite quality score (QCS)
using Equation (2). This equation weighted xA and
xR by 150% because of the importance of these
dimensions over that of soundness of study. This
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Table 2. Results of mapping parent- and corresponding child-code to 137 salient studies
Parent-code a Child-code a Count (%)
Course Level Graduate 19 (14)
Junior/Senior 26 (19)
Freshman/Sophomore b 28 (20)
Content Delivery Method Module 12 (9)
Remote (Online) 12 (9)
Lab 17 (12)
Program (Curricula) 26 (19)
Course 64 (47)
Pedagogy Active Learning (Group-Based) 11 (8)
Reﬂections on Methods 31 (23)
Experiential Learning (PrBL/PjBL) 68 (50)
Investment Level/Duration Preparation Time 2 (1)
Support: Institution 2 (1)
Material Cost 8 (6)
Support: Industry 12 (9)
Improvement Processes Continuous Improvement 2 (1)
Academic Success Gender Related b 1 (1)
Persistence b 2 (1)
Freshman b 4 (3)
Self-eﬃcacy b 4 (3)
Performance (Follow-forward) b 14 (10)
Student Engagement b 28 (20)
a Codes not mutually exclusive. b Codes identiﬁed as the focus of future research.
Table 3. Cross-tabulated results of article counts coded as Course Level or Academic Success. Codes not mutually exclusive a
Academic Success
Freshman
Gender
Related Persistence Self-eﬃcacy
Performance
(Follow-
forward)
Student
Engagement
Course Level Freshman/Sophomore 3 1 1 2 4 15
Junior/Senior 0 0 0 1 2 2
Graduate 0 0 0 0 1 2
a Count of mutually exclusive articles equaled 17.
guarded against individual articles receiving high
overallQCS values while exhibitingmarginal xA and
xR scores.
QCS ¼ xS þ 1:5ðxA þ xRÞ ð2Þ
Delineating between high, medium, and low
quality articles, as indicated in Table 4, was accom-
plished by calculating the lower threshold value
limits (TVLi) for each ranking. This was done
using Equation (3),
TVLi ¼ oþ ðr QiÞ ð3Þ
where Qi is the 25%, 50%, and 75% quartiles
respectively, o is the lowest possible QCS values
oﬀset (o = 4), and r is the range between highest
and lowest possible QCS values (r ¼ 8). In an
attempt to better support our threshold limits,
compared to other methods found in the litera-
ture, we used these quartiles to rank the quality of
each article. As Table 5 indicates, eight of the 17
studies ranked as high quality, which we used in
our in-depth synthesis and conclusions.
4.4 Synthesis
We performed a line-by-line evaluation of the full-
text of the eight high quality studies, which consti-
tutes a thematic and analytical synthesis of the
literature. The former is presented by using a
coding structure that generalized themes across
studies to form a common language with which to
support our analytical synthesis [15]. This analytical
synthesis constitutes the original knowledge of our
review and attempts to illustrate ‘‘what it all means’’
when considering inﬂuences of mechatronics on
student engagement in fundamental engineering
courses. Furthermore, a descriptive summary of
the eight high quality studies is ﬁrst presented to
inform the analytical conclusions of our synthesis
[16].
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Table 4. Rank and threshold values used in quality appraisal
Rank Lower TVL Upper (TVL) Quartile
High  10:0  12:0 75%
Medium  6:0 < 10:0 50%
Low > 0:0 < 6:0 25%
Table 5.Quality appraisal rankings indicating the quality of each study relative to the research question (author identities anonymous to
mitigate criticism)
1 3 3 3 3 3 3 3 12.0
2 3 3 3 3 3 3 3 12.0
3 3 3 2 3 3 3 3 11.8
4 2 3 3 3 3 3 3 11.8
11.16 0.90 High
5 3 1 3 2 3 3 3 11.4
6 3 3 1 3 3 2 3 10.1
7 3 3 2 3 2 2 3 10.1
8 2 3 3 3 2 2 3 10.1
9 2 3 1 3 3 3 2 9.9
10 3 3 2 2 2 2 3 9.9
11 3 3 1 2 1 3 2 9.5
12 3 2 1 1 1 2 3 9.1 8.76 1.28 Medium
13 3 3 2 2 2 2 2 8.4
14 3 3 1 3 1 2 2 8.2
15 3 2 1 1 2 1 2 6.3
16 3 2 2 3 3 1 1 5.6
5.40 0.28 Low
17 3 1 3 3 1 1 1 5.2
a See Table 4 for Quality Ranking thresholds Overall: 9.49 2.17
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4.4.1 Description of literature
We present a description of each study in Table 6.
By presenting this we give full disclosure to our
methods and results in an attempt to strengthen the
conclusions of our review [16]. Furthermore, for the
remainder of our paper, we abbreviate the study
authors and citations with the letters A through H
for brevity, which can be cross-referenced in Table
6.
4.4.1.1 Institution and location
The eight high quality studies in Table 6were spread
across the globe, as indicated in Table 6. Four of
these studies looked at student samples from institu-
tions in the Northeast (B), South (F), Midwest (E)
andSouthwest (C) of theUnited States. The remain-
ing studies were based in Greece (A), Australia (D),
New Zealand (G), and Chile (H). This illustrates a
diverse geographic sample of studies.
4.4.1.2 Class size
The class sizes found in Table 6 ranged from 20 to
1,000 students. This is important to consider, espe-
cially when we discuss the theme of Ease-of-Imple-
mentation below. Class size can have a bearing on
how ‘‘easy’’ it is to implement, monitor, guide, and
evaluate PrBL and PjBL experiences. Interestingly,
three of the eight studies (A, C, and G) did not
publish class size information and one (H) used a
selection process to enroll students into the course.
4.4.1.3 Required course?
Four of the eight studies (C –E, andF) implemented
mechatronic experiences in departmental required
courses. In contrast, two studies (B and H) imple-
mented mechatronic experiences into non-required
courses, while two (A and G) did not report the
curricular requirements of the course used in their
study. Because non-required courses are selected
based on student desires, the baseline student moti-
vation level is likely to be higher than for required
courses. Shell and Soh [18] support this perspective
when they found that a course’s curricular require-
ment has an eﬀect on student engagement levels.
Because these studies did not indicate diﬀerences in
engagement levels for diﬀerent student sub-popula-
tions, further research is needed to understand these
eﬀects.
4.4.1.4 Major students only?
Similar to curricular requirements, Shell and Suh
[18] found a diﬀerence in engagement levels for
major students compared to non-major students.
Two studies (E and F) reported students to be
homogenous to the major department oﬀering the
course,while two (AandH) indicated theywere not.
The remaining four studies (B – D, and G) did not
publish this information. Due to the lack of clarity
on this point, the overall eﬀect of mechatronic
experiences on non-major verse major students’
engagement levels is unclear. Further research is
needed to analyze these eﬀects.
4.4.1.5 Platform selection
A variety of platforms were found in the literature,
spanning from fully customized designs in study C,
to the oﬀ-the-shelf Tamiya 70097 twin-motor kits
used in study F. Seven of the eight studies (A – E, G,
and H) incorporated a microcontroller at the heart
of their mechatronic platform. This is important
when recalling the previous deﬁnition of mechatro-
nics [4], which does not indicate microcontrollers as
a necessity. It is posited that the usage observed in
these studies may support the notion that micro-
controller knowledge and programming skills have
become a ubiquitous element of mechatronic appli-
cations in academia.
4.4.1.6 Programming language
Six of the eight studies (A –C, E,G, andH) required
students to perform programming during the
mechatronic experiences. This is interesting, as it
illustrates how freshman and sophomore students
can be capable of achieving a level of hardware and
software integration usually reserved for junior and
senior level courses. Furthermore, study B and
study H allowed non-major students to enroll in
the course. This speaks to the potential accessibility
of this level of integration by even non-major
students. In contrast, the remaining two studies (D
and F) did not incorporate programming into their
mechatronic experiences. Instead, they used a com-
bination of mechanical and electronic assembly
tasks (i.e., gear box,motor drive circuit, and printed
circuit board assembly).
Moving beyond programming requirements, spe-
ciﬁc software languages were also highlighted. Pre-
dominantly, C and BASIC languages were used,
with two studies (A andC) also exposing students to
Assembly and Python. Interestingly, no study pre-
sented a clear rationale supporting their language
selection, but we posit these decisions were born out
of convenience (i.e., the language(s) selected were
familiar to the instructor or department) or the
platform’s requirements.
4.4.1.7 Activity type
Three distinct activity types were found in the
literature. These included laboratories, contest,
and projects. When analyzing the three labora-
tory-based studies, F required two, C required bi-
weekly, and A required weekly activities. It is
interesting to recall that study F also did not require
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programming, while study A and study C did. This
could indicate a connection between the increased
complexity of hardware and software integration
and allowing student more opportunities to hone
these skills.
In contrast to laboratory activities, three of the
eight studies (B, E, and H) employed the challenge
and pressure of a contest to motivate students to
engage.Onewas a national level contest (B) and two
were course contests (E and H). While two studies
used highly competitive contests (B and H), one
used a non-competitive design task exposition.
Additionally, two of these studies (B and H) imple-
mented this activity type in non-required courses
andwith small class sizes (20 and 24, respectively),
while the third was used in a required course with
200 students. From this it appears contest can
engage students in both required and non-required
courses.
Lastly, two of the eight studies (D and G) used
open-ended projects as the vehicle to solidify stu-
dent learner outcomes. Between these, only studyD
identiﬁed whether the course was required and the
number of students enrolled. While student surveys
indicated positive eﬀects on student engagement,
this study reported an overwhelming eﬀort required
to implement mechatronic experiences in a large
class, even with additional logistical and adminis-
trative support.
4.4.2 Thematic and analytical synthesis
Seven themes were identiﬁed in the literature from
our analysis of the full-text of each study. These
themes are tabulated in Table 7, which illustrates
each study’s contribution to our thematic synthesis.
Five themes have been denoted as primary inﬂu-
ences and two as secondarywith respect to engaging
students in fundamental engineering courses.
Again, we restate primary inﬂuences as having
direct eﬀect on students and secondary inﬂuences
as having eﬀect on those responsible for implement-
ing the experience. Not surprisingly, the most pre-
valent theme was Student Motivation, as this was
central to our review question and used during our
quality appraisal. In contrast, the least prevalent
theme was Gender. In the following sections we
detail the contributions from each study to all seven
themes.
4.4.2.1 Student motivation
This themewas found in all eight studies. It occurred
in two distinct forms: (1) short-term (immediate)
student motivation in course subject matter, and (2)
long-term (projected) student motivation levels of
students to pursue degrees in advanced STEM
ﬁelds. Table 8 tabulates the quantitative results on
student motivation we found in the literature,
including notation distinguishing between the two
distinct forms.
We ﬁrst analyze short-term eﬀect on student
motivation. Study A concluded, using quantitative
survey results on a 5-point Likert scale that,
‘‘students found the laboratory course inspiring’’
[8, p. 796]. Additionally, this study reported,
‘‘students emphasize that working with hardware
increased their interest in the course’’ [8, p. 796].
Similarly, studyC, collecting quantitative data from
student surveys during the spring 2010 and spring
2011 semesters, concluded mechatronic experiences
‘‘helped students solidify what their ideas of engi-
neering entailed and how STEM subjects are inte-
grated in all aspects of their lives’’ [11, p. 29].
Looking at Table 8, the percentages of ‘‘agree’’
and ‘‘strongly agree’’ declined; they did, however,
comment that this was due to extensive travel time
by the instructor. StudyF (with the largest class size;
n> 1,000), again using self-reporting surveys, found
a majority of students perceived the overall mecha-
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Table 7. Contributions of high quality studies to synthesis themes
Themes
Study
Student
Motivationa
Self-
Eﬃcacya Rigora
Accredita-
tionb
Ease-of-
Implementa-
tionb
Learning
Retentiona Gendera
A
p p
B
p p p
C
p p p
D
p p p p p
E
p p p
F
p p p p p
G
p p p
H
p p p p
Total Counts 8 6 4 4 3 2 1
a Primary (i.e., having a direct inﬂuence on students). b Secondary (i.e., having an inﬂuence on those responsible for implementing
experience).
tronic experience to be ‘‘good’’ or ‘‘excellent’’.
Anecdotally, study G concluded that student moti-
vation improved as a result of the experience. The
authors expressly report, ‘‘We observed that by
participating in the PIC-based projects and demon-
stration activities, students became increasingly
motivated to learn more about computer hardware
and enjoyed this course more than previous courses
that consisted of lectures only’’ [7, p. 160]. From this
evidence, it appears that students were highly moti-
vated by and towards mechatronic experiences in
the short term.
Mechatronic experiences also exhibited long-
term eﬀects on student motivation. Study C
expressed that mechatronics ‘‘helped to increase
[students’] desire to major in a STEM ﬁeld’’ [11,
p. 29]. However, a decline in student motivation, as
seen by responses of ‘‘agree’’ or ‘‘strongly agree’’,
was evident in this study from 2010 (85%) to 2011
(69%). The reason for this decline, as stated above,
was attributed to extensive travel time by one of the
instructors. Similarly, in study D, a majority of
students selected ‘‘agree’’ or ‘‘strongly agree’’ to
the question: ‘‘The laboratory project has moti-
vated me to learn more about electrical engineer-
ing’’ [10, p. 391]. Study B concluded, based on
qualitative observations, the mechatronic experi-
ence ‘‘elicited a strong, positive student reaction’’
[3, p. 200]. Quantitatively in Table 8, this study also
found 100% of survey respondents indicated a
‘‘strongly positive’’ or ‘‘limited positive’’ student
motivation from the mechatronic experience
toward pursuing ‘‘science and technology subjects’’,
and 80% indicated a ‘‘strongly positive’’ or ‘‘limited
positive’’ student motivation from the experience to
enter ‘‘an advanced level engineering programme’’
[3, p. 199]. Again, mechatronic experiences were
reported to crystalizemany students’ desire to select
engineering undergraduate programs of study.
Study E speciﬁcally stated ‘‘many students com-
ment[ed] that the Robot Show solidiﬁed their com-
mitment to engineering’’ [6, p. 596]. Contrary to
these ﬁndings, study A found students did not
‘‘appear suﬃciently motivated to want to become
involved with microcontrollers, microprocessors,
embedded systems, etc. in the future’’ [8, p. 796].
This negligible student motivation in study A was
concluded to be a function of the participating
students’ career goals, which overwhelmingly were
towards software engineering. This supports Jones,
Paretti, Hein, and Knott’s [19] ﬁndings on the eﬀect
of student career goals and perceived alignment to
course content on long-term student motivation.
Furthermore, this study found students did not
‘‘believe they acquired the ability to use the micro-
controller in future applications’’ [8, p. 796]. The
authors concluded this to be due to the introductory
nature of the course in question. Apart from the
contradictory results of one study, the literature
indicates that mechatronic experiences lead to a
majority of students exhibiting increased levels of
short-term and long-term student motivation.
4.4.2.2 Self-eﬃcacy
Six of the eight studies we analyzed reported
increases in self-eﬃcacy in technical content after
conducting a mechatronic experience. Five of these
reported quantitative results, as listed in Table 9.
Of these, four (B, D, G, and H) reported strong
eﬀects, as evidenced by high percentages of stu-
dents indicating positive results from the mecha-
tronic experience on understanding and retaining
mechanical, electrical, and programming content.
In contrast, study F reported marginal eﬀects on
self-eﬃcacy, using self-reporting surveys. Interest-
ingly, laboratory activities were used in this study,
in contrast to those reporting strong eﬀects on self-
eﬃcacy, which used contest and projects. Further
supporting the connection between contest and
self-eﬃcacy, study E reported increases in students’
conﬁdence in their ability to design and build
functioning mechatronic devices. Furthermore,
the accomplishments experienced through this con-
test crystalized some students’ decision to pursue
engineering ﬁelds.
From the ﬁndings in these ﬁve studies, it appears
there is a positive connection between mechatronic
experiences and self-eﬃcacy in technical content,
speciﬁcally when a contest is employed. This, how-
ever, contradicts Deming’s remarks in The New
Economics for Industry, Government, Education,
where he states, ‘‘. . . competition, we see now, is
destructive. It would be better if everyone would
work together as a system, with the aim for every-
body to win . . . Competition leads to loss’’ [20, p.
xv]. Further research is called for to understand the
speciﬁc interaction eﬀects of competition verses
non-competition activities on self-eﬃcacy. Conﬂict-
ing results were found in the literature with very
diﬀerent methods, which further confounded the
outcomes.
4.4.2.3 Course rigor
Four of the eight studies (C, F – H) indicated
increases in course rigor (e.g., level of eﬀort, time)
after implementing mechatronic experiences. Study
C reﬂected that increasing the rigor of a class with
technical, hands-onmechatronic experiences helped
students make deeper and broader connections
between diverse engineering ﬁelds. Study F, looking
atmechanical and electrical content, found students
perceived the latter to be more rigorous while
exhibiting no signiﬁcant diﬀerence in their enjoy-
ment level between either. Study G, using self-
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reported surveys, found roughly 70% of students
felt ‘‘satisﬁed’’ with the rigor and hands-on aspects
of the mechatronic experience. Finally, study H
reported qualitatively that the most prevalent com-
ment by students was that the mechatronic experi-
ence demanded signiﬁcantly more than the course
suggested 10 hours per week. Even so, student
evaluations were positive and indicated they per-
ceived the course was a constructive experience in
problem solving. These results indicate that mecha-
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Table 8. Select results of long-term eﬀects of mechatronic experiences on student motivation
Study A
Survey Questions (n = Unknown) % Students
Responding ‘‘Much’’
+ ‘‘Very Much’’
‘‘Did the computer architecture laboratory inspire your interest for the course concerning other laboratory
courses you have attended?’’ a
62%
‘‘Do you believe that working with hardware during the lessons increases the interest for the course?’’ a 62%
‘‘Did the laboratory course motivate you to involve with similar issues (much, mP, embedded systems,
etc.)?’’
21%
‘‘Did the laboratory course provide you the ability to involve with microcontroller applications in the
future?’’
23%
Scale: Not at all (1), Shortly (2), Enough (3), Much (4), Very Much (5)
Study B
Survey Questions (n = 20) % Students
Responding ‘‘Limited
Positive’’ + ‘‘Strongly
Positive’’
‘‘Studentmotivation from themechatronic experience toward pursuing ‘‘science and technology subjects’’ 100%
‘‘Student motivation from the mechatronic experience to enter ‘‘an advanced level engineering
programme’’
80%
Scale: Negative Impact, No Contribution, Limited Positive, Strongly Positive
Study C
Survey Questions (n = Unknown) % Students Responding ‘‘Agree’’ +
‘‘Strongly Agree’’
2010 2011
‘‘Helped me ﬁgure out what engineering really is.’’ a 94% 73%
‘‘Helped me recognize applications for my basic math and science courses in
engineering problems.’’ a
93% 60%
‘‘Improved my familiarity with several areas of engineering.’’ a 100% 99%
‘‘Increased my desire to select an engineering major.’’ 85% 69%
Scale: 5-point Likert (labels un-reported)
Study D
Survey Questions (n = 200) % Students Responding ‘‘Agree’’ +
‘‘Strongly Agree’’
Elec. Eng. Students All Students
‘‘The laboratory project has motivated me to learn more about electrical
engineering.’’
95% 73%
Scale: 9-point Likert (labels un-reported)
Study F
Survey Questions (n = >1,000) % Students Responding ‘‘Good’’ +
‘‘Excellent’’
‘‘How would you rate your overall experience?’’ a 67%
Scale: Poor, Average, Good, Excellent
a Short-term eﬀects.
tronic experiences have the potential to increase the
rigor of a class without sacriﬁcing student satisfac-
tion and enjoyment.
4.4.2.4 Accreditation
Explicit connections between mechatronic experi-
ences andaccreditation standardsweremade in four
of the eight studies (A, B, D, and F). These studies,
listed in Table 10, indicated the potential of mecha-
tronic experiences to satisfy both ABET and
Engineers Australia (EA) standards regardless of
activity type or programming requirement.
Furthermore, these studies indicated that the
hands-on, multi-disciplinary problem-solving
nature of these experiences lends them to satisfying
a diverse range of hard (i.e., mathematics and
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Table 9. Select study results illustrating eﬀects of mechatronic experiences on self-eﬃcacy
Study B
Dimension of Course Content (n = 20) Percentage of Students
Increasing in Self-Eﬃcacy
Theory Practice
Electronics, computer comm., motors/gears, mechanical design, controls, sensors 100% 100%
Systems design 90% 100%
Microprocessor, high-level language 90% 89%
Mathematical modeling 90% 78%
Data analysis, teamwork practice 80% 89%
CAD tools 60% 67%
Physical ﬁelds 60% 44%
Assembly language 60% 22%
Study D
Survey Questions (n = 200) Percentage of Student Responses
Elec. Eng. Students All Students
Agree + Strongly
Agree
Agree + Strongly
Agree
‘‘The laboratory developed my understanding of concepts and principles in
electrical engineering?’’
85% 80%
‘‘I am satisﬁed that I acquired useful knowledge and skills in electrical engineering’’ 85% 67%
Scale: 9-point Likert (labels un-reported)
Study F
Survey Questions (n = >1,000) Percentage of Student Responses
Yes
‘‘Did building this circuit give you a better understanding of electrical circuits and
their use in applications?’’
45%
Scale: Poor, Average, Good, Excellent
Study G
Survey Questions (n = Unknown) Percentage of Student Responses
(4) + (5)
‘‘How eﬀective were the PIC-based project demonstrations in helping you to
improve your understanding of computer hardware concepts?’’
75%
Scale: Poor (1), Excellent (5)
Study H
Dimensions of Course Content (n = 24) Students’ Responses to Skills Improvement
Pre-course Post-course Diﬀerence
Designing and programming mechatronic systems 3 6 3
Mechanical design 4 6 2
Electrical design 5 7 2
Implementation of the real problems in engineering 5 7 2
Scale: 10-point Likert (labels un-reported).
problem-solving) and soft (i.e., teamwork and
ethics) accreditation learning outcomes.
4.4.2.5 Ease-of-implementation
Extensive discussions concerning the eﬀort
required to implement mechatronic experiences
into a course were included in three of the eight
studies (D, E, and H). These comments covered the
spectrum, ranging from extensive eﬀort to mar-
ginal eﬀort. Speciﬁcally, study D found the initial
implementation of a mechatronic experience to be
overwhelming, due to a lack of faculty/staﬀ quali-
ﬁcations and availability. To reduce this strain,
improvements were implemented based on student
and faculty input. Additionally, pre-semester train-
ing in areas of technical and pedagogical issues
were conducted to bolster the success of the experi-
ences. In contrast, study E posited that implement-
ing mechatronic experiences in fundamental
courses, even those with large enrollments, could
be accomplished with only ‘‘modestly more’’ eﬀort
(p. 593). To support this stance, the study pre-
sented activities, logistical considerations, and les-
sons-learned to enable mechatronic experiences to
ﬂourish within a course. Study H fell between these
two extremes by presenting course content exam-
ples and team building considerations to enhance
both the quality of students’ projects and the depth
of their inter-personal team skills.’’
Comparing study D (overwhelming eﬀort) and
study E (marginal eﬀort), Table 6 illustrates similar
class size and course requirements. The diﬀerence in
eﬀort arises from activity type and programming
requirements. Study D used open-ended project
activities without requiring programming, while
study E employed a contest requiring program-
ming. Here, we feel the weight of the diﬀerence
falls on the activity type and not the requirement
of programming. As open-ended projects with dis-
similar outcomes are much harder to manage,
having a common contest rubric applied to all
students can streamline the implementation eﬀort.
Also, a contest can allow for a more focused and
congruent presentation of course content that cul-
minates in common objectives for all students.
4.4.2.6 Learning retention
Two of the eight studies (C and D) reported
positive eﬀects of mechatronic experiences on
learning retention. We deﬁne ‘‘learning’’ to
include knowledge and skills. Study C qualita-
tively observed mechatronic experiences ‘‘are an
eﬀective way to . . . train students in STEM
topics’’ [11, p. 24]. Here, the word ‘‘train’’ was
used to describe knowledge acquisition. Speciﬁ-
cally, when piloting a mechatronic experience to a
class of United States Military Academy cadets,
this meaning was used to discuss how ‘‘a deeper
retention of the sensor knowledge’’ was observed
in students [11, p. 30]. Exam scores after the
experience were almost 18% higher compared to
exam scores following lectures using improvised
explosive devices (IED) teaching aids. Similarly,
study D highlighted learning retention by saying,
‘‘. . . a project-based laboratory . . . improved
students’ success rate.’’ [10, p. 379]. Here, ‘‘suc-
cess’’ was used to describe the act of remembering
skills and was found to be positively correlated to
the use of mechatronic experiences. This study
based these ﬁndings on self-reporting surveys.
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Table 10. Connection between mechatronic experiences and accreditation body standards
Accreditation Board of Engineering and Technology Engineers Australia
Verner & Ahlgren, 2004
Castles, Zephirin, Lohani, &
Kachroo, 2010
Bolanakis, Glavas, &
Evangelakis, 2007
Nedic, Nafalski, & Machotka,
2010
Ability to apply knowledge
of mathematics, science,
engineering
Instrumentation a Solving engineering problems Exhibit skills necessary to
practice in complex
environments
Ability to design a system,
component, process
Models a
Ability to function on
multidisciplinary teams
Design a
Ability to identify and solve
engineering problems
Learn from failure a
An understanding of
professional and ethical
responsibility
Safety a
Ability to apply techniques,
skills, and modern tools
Teamwork a
a Based on ABET and Sloan Foundation colloquy on laboratory learning objectives [21].
From these studies, mechatronic experiences have
been found to have a positive eﬀect on learning
retention in fundamental engineering courses.
4.4.2.7 Gender
Study F was the only study to consider the eﬀects of
mechatronic experiences on student engagement of
females. Here, hands-on experiences were expressly
intended to engage women in an attempt to moti-
vate increased interest in the ﬁelds of mechanical,
electrical, and computer engineering. Based on
student survey results, the authors observed the
overall perception of these experiences by female
students to be positive. This positive perception,
and the level of student learning received from the
experience, were not signiﬁcantly diﬀerent between
males and females. However, a lower percentage of
females possessed prior experience related to
mechatronics content, and female students required
slightly longer durations to complete activities
within the experiences. The long-term eﬀects of
increased interest in mechanical, electrical, and
computer engineering were not reported. Based on
our inability to ﬁnd other high quality research
speciﬁcally analyzing the eﬀects of mechatronic
experiences on gender, this is a clear topic for
future research.
5. Discussion
5.1 A note on meta-analysis
For two reasons, our review does not include a
rigorous statistical meta-analysis. First, as Petti-
crew and Roberts advocate, ‘‘Perhaps the least
useful way of dealing with qualitative data in
systematic reviews is to turn it into quantitative
data’’ [22, p. 191]. Because a large fraction of results
were qualitative in nature, we were hesitant to
quantize them. Second, a majority of the research
designs and results were insuﬃciently consistent to
warrant a meta-analysis. Therefore, we employed a
more narrative qualitative content analysis when
synthesizing the results.
In light of the variability in methods and con-
sistency of reporting found in the literature, we
recommend a more consistent methodology for
future eﬀorts in this ﬁeld. Speciﬁcally, methodol-
ogies that measure eﬀects with pre-treatment verse
post-treatment and/or control verse treatment
groups are encouraged [23]. Of the studies
reviewed, only study H used this level of rigor.
Also, we would encourage a more consistent
structure in reporting research ﬁndings. Similar
to the endorsement of detailed methods for sys-
tematic reviews in engineering education by Bor-
rego, Foster, and Froyd [16], we endorse the use of
standardized reporting schemes, such as Schulz,
Altman, and Moher’s [24] CONSORT or von Elm
et. al.’s [25] STROBE check lists. Both schemes
intend to present ﬁndings in a transparent and
consistent manner. By using the items (as appro-
priate) within these reporting standards will pro-
mote a common language across research speciﬁc
to mechatronics, and engineering education as a
whole. Improving the structure of reporting in
these ﬁelds should also enable deeper and broader
qualitative and quantitative syntheses in the
future.
5.2 Robustness of synthesis
Analyzing the robustness of our synthesis, we ﬁrst
point to the transparency of our reviewmethods. As
Borrego, Foster, and Froyd [16] suggest, ‘‘The
quality of a systematic review is determined primar-
ily by consistency and transparency in selecting and
reporting procedures for every step of the review’’
[16, p. 63]. In other words, the conclusions reached
by our synthesis can be judged eﬀectually by how
well we presented our methods. Furthermore, the
following questions can be asked about our results.
These have been borrowed fromGough,Oliver, and
Thomas:
1. ‘‘Do the results vary according to the quality of
the studies contributing?
2. Should any issues about [the studies’] quality
aﬀect the strength and credibility of the synth-
esis?
3. Do the results depend heavily on one or two
studies, in the absences of which they would
change signiﬁcantly?
4. Which contexts can the results be applied to?’’
[15, p. 189]
Answering questions one and two, we point to
our quality appraisal, which ranked all 17 relevant
articles as low, medium, or high quality. Based on
this appraisal, we synthesized results from only high
quality studies, attempting to normalize the varia-
bility in quality and removing concerns of strength
or credibility. Looking at Table 5, the high quality
articles had a mean QCS value of 11.16 with a
standard deviation of 0.90. Based on this, we feel
limited issues of variability and strength exist in our
results.
We use the frequencies of each theme in Table 7
(as depicted by its bottom row) to answer question
three. It is evident that the themes of Student
Motivation and Self-Eﬃcacy are reinforced by a
majority of the studies. Therefore, these are con-
sidered very robust themes in the literature. Look-
ing at Course Rigor, Accreditation, and Ease-of-
Implementation, roughly half the studies demon-
strated these, indicating them to be intermediately
robust. The remaining themes ofLearningRetention
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and Gender are represented in two and one study,
respectively, indicating a lack of robustness. How-
ever, these last two should not be completely dis-
credited, as they represent key areas for future
research towards understanding the inﬂuences of
mechatronic experiences and student engagement in
fundamental engineering courses.
To answer the fourth and ﬁnal question, we point
to the intent of our review. It forms the context from
which our synthesis results should be viewed. Spe-
ciﬁcally, our results should be applied to eﬀorts
towards engaging freshman and sophomore engi-
neering students through mechatronic experiences,
as this was the focus of our review question.
5.3 Relevance to research question
The primary goal of our research has been to answer
the question: ‘‘What are the primary and secondary
inﬂuences of mechatronic experiences on student
engagement in fundamental engineering courses?’’
From our review we have synthesized ﬁve primary
(directly aﬀecting students) and two secondary
(aﬀecting those responsible for implementing the
experience) themes (Table 7). These seven themes
illustrate how mechatronic experiences can inﬂu-
ence student engagement in fundamental engineer-
ing courses.
5.3.1 Primary inﬂuences
Of the eight studies we analyzed, the ﬁndings in each
indicated a strong link betweenmechatronic experi-
ences and students exhibiting high levels of short-
term and long-term student motivation towards
technical content and STEM ﬁelds. It is important
to note study A found conﬂicting results on long-
term student motivation towards STEM careers.
The juxtaposition of these results illustrates the
eﬀect that students’ existing career goals can have
on long-term student motivation [19]. It also high-
lights an important aspect of the literature, which
shows that positive eﬀects on long-term student
motivation are heavily governed by students’ exist-
ing career goals. It can therefore be positively
inﬂuential to introduce students to the diverse
nature of engineering through mechatronic experi-
ences early in their education. This can give them an
increased understanding of the multi-disciplinary
and related ﬁelds of engineering, which help them
make more informed career decisions, as stated by
study F.
Considering the inﬂuences of self-eﬃcacy, ﬁve of
the eight studies (B,D, E,G, andH) reported strong
positive eﬀects of mechatronic experiences on self-
eﬃcacy in technical content, while study F found
weak eﬀects. It is interesting that the study to report
weak results used laboratory activities, while the
others used contests and project(s). This does not
prove causation that laboratory activities produce
weak positive self-eﬃcacy in students. It merely
presents the observed diﬀerences that activity
types can have on students.
Four of the eight studies (C, F–H) reported an
increase in course rigor through implementing
mechatronic experiences. It was also found that
this increase in course rigor was not at the sacriﬁce
of student satisfaction or enjoyment. Additionally,
deeper and broader connections between diverse
technical ﬁelds were fostered in students through
the use of these complex activities.
The literature also illustrates mechatronic experi-
ences to increase learning retention. Two of the
eight studies (C and D) found students possess
higher level of knowledge and skills retention
when exposed to mechatronic experiences.
As indicated in our synthesis, the inﬂuence on
underrepresented females in STEM ﬁelds was only
reported by study F. This disparity in the litera-
ture highlights the need for increased research into
the eﬀects of mechatronic experiences on gender
diversity in technical programs. However, we
found mechatronics can engage females and
males equally. The extent to which it draws
increased numbers of females to technical ﬁelds
is still unknown.
5.3.2 Secondary inﬂuences
In four of the eight studies (C–E, and G), it was
evident that mechatronic experiences are capable of
serving programs in meeting a diverse set of accred-
itation outcomes. The robustness and diversity that
mechatronic experiences hold for engaging students
in hard (i.e., mathematics and problem-solving) and
soft (i.e., teamwork and ethics) skills should be
appreciated. These skills are directly applicable to
the accreditation standards of bodies such as ABET
and EA, and were identiﬁed by four of the eight
studies (A, B, D, and F).
Lastly, three of the eight studies (D, E, and H)
commented on the level of eﬀort necessary to
implement mechatronic experiences. These remarks
ranged from extensive to marginal logistical eﬀorts.
Evaluating these extremes, it was striking to observe
the main diﬀerence arose in activity type. Study D
reported overwhelming logistical eﬀort while using
open-ended projects. In contrast, study E reported
marginal eﬀortwhile using a contest. This seemingly
points to the increased logistical eﬀort necessary to
manage open-ended mechatronic projects. This can
be especially appropriate when initially implement-
ing this teaching strategy in large fundamental
engineering courses.
5.4 Limitations and future work
The literature we have analyzed is rich and full of
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meaningful results. Even so, there were limitations
in these studies that deserve further research
towards solidifying a coherent list of inﬂuences of
mechatronic experiences relative to engaging fresh-
man and sophomore students in engineering. First,
it was unclear from the literature how mechatronic
experiences eﬀects student engagement when con-
sidering the factor of required verse non-required
course. Closely related to this was the eﬀect that the
factor of non-major verse major has. Also, it was
unclear from the literature what eﬀect that activity
type (e.g., laboratory, project, or contest) has had
on self-eﬃcacy. Furthermore, limited evidence was
found on the eﬀects of these experiences on learning
retention, gender inclusion, and ease-of-implemen-
tation.
Most notably was the lack of clear pre-treatment
verse post-treatment or control group verse treat-
ment group research designs presented in the litera-
ture. StudyHdid provide this level ofmethodology,
but additional research is needed to bolster these
ﬁndings.
Limitations in our own review exist. First, our
search strategy has inherent limitations in that itwas
not capable of collect 100% of all articles related to
our topic (i.e., conference proceedings). Especially
related to this was our decision to not include the
term ‘‘robot’’ and its variations. Second, we rele-
gated our synthesis to only high quality articles.
This may have unintentionally introduced publica-
tion bias into our ﬁndings, as high quality articles
are more likely journal articles, which may have
tendencies to publish positive results over null
results. Third, some of our exclusion criteria may
have led to rejection of valuable literature (i.e., non-
English articles). Finally, we were limited by what
themes the articles chose to report. Thus, some
themes may actually be more or less signiﬁcant
than what we have reported. In light of these
limitations, we have attempted to be as rigorous
and equitable in our review as possible, understand-
ing that our research is an attempt to deﬁne a swath
of literature that is broad and multifaceted.
6. Conclusion
In our reviewwehave presented themethods used to
systematically select, collect, and evaluate literature
that speaks to the eﬀect of mechatronic experiences
on student engagement. These results were synthe-
sized to reveal ﬁve primary and two secondary
themes, each demonstrating positive inﬂuences.
From this synthesis we found overwhelming evi-
dence that these experiences increase student moti-
vation, self-eﬃcacy, and course rigor. There was
also evidence of positive eﬀects on learning reten-
tion, gender diversity, accreditation eﬀorts, and
course content implementation.
We feel our conclusions serve a wide range of
engineering educators, as mechatronics integrates a
diverse set of technical ﬁelds. Furthermore, by using
a systematic review methodology, we have high-
lighted the inﬂuential breadth and depth of mecha-
tronics with the intent of augmenting other’s eﬀorts
towards increasing student engagement.
In light of the observed beneﬁts of mechatronic
experiences to positively engage students, we make
these ﬁnal comments:
 Mechatronic experiences can be uniquely bene-
ficial in fundamental courses, as they help stu-
dents see multi-disciplinary connections in
engineering fields.
 Mechatronic experiences will most likely increase
the rigor of a course without sacrificing student
satisfaction and enjoyment.
 Open-ended design projects have been found to
be the most demanding activity types to use when
implementing mechatronic experiences, espe-
cially for the first time and in fundamental
courses.
 When requiring programming as part of mecha-
tronic experiences, frequent laboratory exercises
can also be beneficial.
 Existing student career goals, which are often
intrinsic to students, may diminish the effects of
mechatronic experiences on student engagement.
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